SUMMARY: CTX is a rare lipid-storage disease. Novel MRS findings from 3 patients, using a short TE, were the presence of lipid peaks at 0.9 and 1.3 ppm in the depth of the cerebellar hemisphere; this might represent an additional marker of disease that is CNS-specific and noninvasive. A decrease in NAA concentration was also detected and attributed to neuroaxonal damage. One patient presented an increase in mIns concentration, pointing to gliosis and astrocytic proliferation.
C TX is a rare metabolic disorder whose main clinical manifestations are juvenile cataracts, chronic diarrhea, and tendinous xanthomas. [1] [2] [3] [4] [5] It is caused by mutations in the CYP27A1 gene, which codes for sterol 27-hydroxylase, an enzyme essential for bile acid synthesis. 2, 4 This defect leads to abnormally high levels of cholestanol in various tissues-the biochemical hallmark of CTX. [1] [2] [3] [4] [5] Treatment is oral administration of chenodeoxycholic acid, which inhibits cholestanol synthesis. 5 The most distinctive MR imaging abnormalities are bilateral T2 hyperintensity in the dentate nuclei and adjacent cerebellar white matter. 1, 6 A previous MRS study disclosed a reduction of the NAA peak and the presence of a lactate peak. 6 We studied 3 patients with CTX, attempting to assess possible novel MRS findings, focusing on short-TE acquisitions.
Case Reports

Case 1
A 22-year-old man, African-Brazilian, a second sibling of first-cousin parents, had normal developmental milestones until 3 years of age, when his motor and cognitive abilities declined. During childhood, he had diagnosed bilateral cataracts and started to present chronic intermittent diarrhea. Clinical examination disclosed bilateral achillean xanthomas. He was severely mentally retarded, dysarthric, with trunk and limb ataxia, spastic gait, and distal limb atrophy. His serum cholestanol level was elevated (118.7 g/mL; reference value, Ͻ6.6 g/ mL). MRS, at 1.5T, was performed on the depth of cerebellar hemisphere, encompassing T2-hyperintense white matter (Fig 1) 7 ; it demonstrated a decreased NAA level and abnormal lipid peaks at 0.9 and 1.3 ppm (Fig 2 and Table) .
Case 2
A 47-year-old man, who was the third of 6 siblings of nonconsanguineous parents from Okinawa Island, Japan, had an infancy-onset progressive decline of motor and cognitive abilities. He had no history of chronic diarrhea or lens opacities. Clinical examination disclosed achillean, plantar, and elbow xanthomas. He was profoundly demented, wheelchair-bound, anarthric, drooling, and totally dependent for daily activities. He had limb spasticity and ataxia. His serum cholestanol level was only slightly elevated (9.1 g/mL). Cerebellar MRS was performed twice, 3 years apart, one time at initial diagnosis (1.5T) and the other during follow-up (3T). Parameters of first examination were similar to those of case 1; his last MRS examination was performed with a single-voxel PRESS sequence (TR/ TE, 1871/35 ms; 96 acquisitions; and VOI size, 8 cm 3 ). The same spectral analysis disclosed, in both examinations, markedly decreased NAA levels, high mIns concentrations, and the same abnormal lipid peaks (Fig 3 and Table) .
Case 3
A 35-year-old man, who is the fifth sibling of case 2, had normal developmental milestones. He started presenting progressive spastic gait and muscle cramps at age 28. He finished high school but, since early childhood, had chronic intermittent diarrhea and bilateral achillean xanthomas. Neurologic examination disclosed no cognitive abnormality, mild dysarthria, and spastic gait. Mild lower limb distal atrophy was also detected. His serum cholestanol level was elevated (61.5 g/mL).
Cerebellar MRS, performed at 3T, in the same way as in case 2, showed a slight decrease in NAA level and also the same abnormal lipid peaks (Fig 4 and Table) .
Discussion
Neuropathologic findings in CTX include demyelination and gliosis in the cerebellar white matter and corticospinal tracts, with multiple dispersed lipid crystal clefts, the consequence of accumulation of cholesterol and cholestanol in affected tissues. 8 In this study, MRS showed a decrease in NAA concentration, which was similar to that previously reported 6 ; the decrease can be interpreted as the expression of neuronal damage, 6 because deposition of cholestanol seems to be neurotox- Spectrum obtained from case 1 (1.5T; STEAM; TR/TE, 1500/30 ms) demonstrates lipid peaks at 0.9 and 1.3 ppm. Notice also a slight decrease in the NAA peak. Notice also a marked decrease in the NAA peak and an increase in the mIns peak. ic. 8 The magnitude of decrease in our sample roughly paralleled clinical impairment; case 2 was the most affected.
Short TE (30 -35 ms) single-voxel MRS data
Case 2 also presented an increase in mIns levels. If one assumes that mIns represents a glial marker, 9 the increase points to the well-known gliosis and astrocytic proliferation. 8 A previously unreported finding was the presence of abnormal lipid peaks detected at 0.9 and 1.3 ppm. One MRS study available in patients with CTX used a long TE (272 ms), 6 probably precluding identification of these lipid peaks, which usually have short T2s and do not appear in long-TE spectra. 10 Lipid peaks are not detected in normal tissue. Although it is speculative, their presence in CTX can have 2 explanations. On one hand, they can represent membrane breakdown and can precede histologic necrosis, as seen in other diseases. 9 On the other hand, they can be the surrogate markers of the major lipid storage that occurs in this disease. 8 Some aspects reinforce the hypothesis that at least part of these peaks represent abnormal lipid accumulation. In serum samples from patients with CTX, by using high-resolution nuclear MRS, peaks assigned to cholestanol were found at 0.645 and 0.817 ppm.
11 Also, besides the more commonly found abnormal lipid peaks detected at 0.9 and 1.3 ppm, which correspond to methyl (CH 3 ) and the methylene group (CH 2 ) respectively, 12 other lipid protons resonate in these areas, as is the case for cholesterol.
11
The apparent lack of correlation between the 1.3 and 0.9 ppm peaks may point to a more complex pattern of lipid deposit. If both represented the same single lipid molecule in all patients, a constant ratio between both peaks would be expected, which is not the case. Some similar findings have already emerged from MRS data of other diseases, which correspond with lipid accumulation in brain tissue, such as Sjögren-Larsson syndrome. 10 This case report has limitations. The sample size is small, though this is a rare disease. There are no controls for the 3T spectra, but we believe that all the assumptions made for the 1.5T examinations are also valid for the 3T ones, because MRS examinations from case 2 performed on both MR imaging scanners presented no significant differences. Another point is that lipid-peak detection does not depend heavily on the existence of a control group because these peaks are not present in significant amounts in normal tissue. Finally, we cannot preclude the possibility that lactate may have contributed to the observed resonance at 1.3 ppm because lactate and lipids are known to overlap in this region. However, if there is any lactate contribution, it is probably negligible because long-TE spectra acquired in our patients revealed a small lactate peak in only 2 of them.
In conclusion, our cases suggest that lipid peaks detected at short-TE MRS in the cerebellum of patients with CTX might represent an additional marker of the disease, which is CNSspecific and noninvasive, with a potential role in monitoring therapy response. Notice also a slight trend toward a decrease in the NAA peak.
